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Most wild donkey breeds are severely threatened by poaching for meat, habitat loss, and competition
with livestock for food resources. Moreover, due to the mechanization in agriculture and in transport,
most domestic donkey breeds are at risk of extinction. Considering the importance of biodiversity and
preservation of genetic resources, the creation of genetic banks for endangered donkey breeds is urgently
needed. Cryopreservation of immature jennies oocytes would be an efﬁcient tool to allow storage of
female genetics. The aim of the present study was to establish conditions for immature donkey oocyte
vitriﬁcation, using equine oocytes as a control. Asine and equine immature cumulus-oocyte complexes
were collected by transvaginal ultrasound-guided follicular aspiration and ﬂushed to obtain oocytes
surrounded by only corona radiata. Oocytes were vitriﬁed after exposure to increasing concentrations of
dimethyl sulfoxide, ethylene glycol and sucrose as cryoprotectants in a solution of INRA-Freeze™ me-
dium or TCM199-Hepes supplemented with bovine serum albumin. Oocytes were warmed in decreasing
concentrations of sucrose and processed for in vitro maturation. The recovery rate was 48% for jennies
oocytes (4.8 oocyte per female) and 42% for mares oocytes (3.5 oocyte per female). When oocytes were
exposed to cryoprotectants in INRA-Freeze™ medium none of the jennies re-warmed oocytes matured,
whereas 24% of the mares re-warmed oocytes reached metaphase II after in vitro maturation. When
oocytes were exposed to cryoprotectants in TCM199-Hepes-BSA medium, 33% of the jennies re-warmed
oocytes matured. In conclusion, we developed a method for the vitriﬁcation of immature oocytes from
jennies that allows in vitro maturation of the vitriﬁed-warmed asine oocytes. Their competence for
fertilization and development has to be ascertain.
© 2018 Elsevier Inc. All rights reserved.1. Introduction
Wild equids are severely threatened by poaching for meat,
habitat loss, and competitionwith livestock for food resources. As a
consequence, most wild equids, such as the Asiatic wild ass and the
African wild ass, are listed as endangered by the International
Union for the Conservation of Nature (IUCN) [1]. Moreover, due to
the mechanization in agriculture and in transport, the number of
domestic donkeys dramatically decreased. As a consequence, many
domestic donkey breeds are at risk of extinction with less than 300ction et des Comportements,
t).active breeding jennies or nearly extinct with fewer than 100 active
breeding jennies, such as the Martina Franca donkey in Italy [2,3],
the Zamorano-Leones donkey in Spain [4], the Asinina de Miranda
donkey in Portugal [5], the American Mammoth Jack donkey in the
USA [6], the Grand Noir du Berry donkey in France (communication
from the Institut Français du Cheval et de l’Equitation: http://
statscheval.haras-nationaux.fr/core/zone_menus.php?
zone¼229&r¼1316).
Actions undertaken for the preservation of endangered donkey
breeds include the creation of a Genome Resource Bank. Genome
resource banking requires cryopreservation of semen, oocytes and/
or embryos. Embryos cryopreservation allows the preservation of
genetics from both male and female and is the fastest method to
restore a breed [7]. However, in equids, in vivo embryo production
is limited, since experimental and routine inductions of multiple
Fig. 1. One immature oocyte from jenny before vitriﬁcation, with 2e3 layers of corona
radiata cells. X400.
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knowledge, no efﬁcient superovulation treatment is available in the
donkey. Moreover, in vitro equine embryo production using con-
ventional in vitro fertilization is still inefﬁcient [9,10], and attempts
for in vitro fertilization of donkey oocytes were not successful [11].
Equine embryos can be produced via intracytoplasmic sperm in-
jection (ICSI) but blastocyst development rates are low and this
technique requires expensive equipment and expertise in micro-
manipulation [10,12]. Thus, very few laboratories worldwide
routinely produce equine embryos following ICSI, and none pro-
duces donkey embryos.
Oocyte cryopreservation has the potential to preserve female
genetics. Cryopreserved oocytes can be used to produce offspring
via assisted reproductive techniques such as in vitro embryo pro-
duction when available or oocyte transfer into the oviduct of a
recipient female. However, to our knowledge, methods for donkey
oocyte cryopreservation have never been established.
In the horse, recent studies have reported embryo production
after vitriﬁcation of immature equine oocytes [13e15]. The vitriﬁ-
cation method applied to immature oocytes has some advantages:
it could be used with oocytes collected from all follicles on the
ovary and it would not require oocyte culture facilities to be
available at the site of collection and cryopreservation. Thus,
cryopreservation of immature jennies oocytes would be an efﬁcient
tool to allow storage of genetics from endangered females.
Since there is an urgent need of techniques for the preservation
of endangered donkey breeds, the objective of our team is to
establish conditions for ovum pick up, vitriﬁcation and subsequent
in vitro maturation of oocytes in donkeys. In a previous study, we
have reported ovum pick up and in vitro maturation of donkey
oocytes [11]. The aim of the present study was to establish condi-
tions for immature donkey oocyte vitriﬁcation, using equine oo-
cytes as a control.
2. Materials and methods
All procedures on animals were conducted in accordance with
the guidelines for the care and use of laboratory animals issued by
the French Ministry of Agriculture and with the approval of the
ethical review committee (Comite d’Ethique en Experimentation
Animale Val de Loire) under number 02701.01.
All chemicals were purchased from Sigma-Aldrich (St Quentin
Fallavier, France) unless otherwise indicated.
2.1. Collection of immature oocytes from jennies and mares
Asine and equine immature cumulus-oocyte complexes (COCs)
were collected during the breeding season by transvaginal
ultrasound-guided aspiration (ovum pick up: OPU) in adult cyclic
jennies and pony mares from our experimental stud farm. Ovarian
activity was assessed by routine transrectal ultrasound scanning to
choose females with several growing follicles from 5 to 25mm.
Follicles were punctured by transvaginal ultrasound-guided aspi-
rationwith a double-lumen needle (length 700mm, outer diameter
2.3mm, internal diameter 1.35mm, Casmed, Cheam, Surrey, En-
gland) and a sectorial probe (Aloka SSD900) as previously
described [11,16]. After follicular ﬂuid aspiration, the follicle was
ﬂushed with PBS (Phosphate Buffered Saline, Dulbecco A, Oxoid,
Basingstoke, Hampshire, England) and heparin (Choay, Sanoﬁ
Aventis 5000 IU/ml) at 38 C. During the collection procedure,
mares and jennies were treated with detomidine (Medesedan®,
0.25ml/animal i.v., 10mg/ml detomidine, Centravet, Plancoet,
France) and butorphanol (Dolorex®, 0.6ml/animal i.v., 10mg/ml
butorphanol tartrate and 0.1mg/ml benzethonium chlorure, Cen-
travet) for sedation and analgesia, dipyrone and butylscopolamine(Estocelan®, 15ml/mare, 40ml/jenny, i.v., 4mg/ml butylscopol-
amine, Centravet) for analgesia and antispasmodia.
All aspirated ﬂuids were examined for COCs recovery and
degenerated oocytes showing shrunken, dense or fragmented
cytoplasm,were discarded. Recovered COCswere placed in follicular
ﬂuid in an incubator at 38.5 C and 5% CO2 until the end of the
puncture session. This follicular ﬂuid was collected from a large
follicle during a puncture session, centrifuged at 1500 g for 10min at
4 C and kept at 20 C until used. All recovered COCs were then
ﬂushed in PBS to remove some cumulus cells and keep 2e3 layers of
corona radiata cells (Fig. 1). COCs were either submitted to in vitro
maturation or to vitriﬁcation, warming and in vitro maturation.
2.2. Vitriﬁcation and warming of asine and equine immature
oocytes
Two vitriﬁcation procedures were compared.
In the ﬁrst experiment, the base solution was INRA-Freeze™
(IMV Technologies) that contains 2.5% glycerol. Up to 5 oocytes
were incubated during 1 min in base solution þ3.75% ethylene
glycol (EG, Sigma, 33068) þ 3.75% dimethylsulfoxyde (DMSO,
Sigma, D2650), 1 min in base solution þ 8.75% EG þ 8.75% DMSO
and 20 s in base solution þ 18.75% EG þ 18.75% DMSO þ 0.5 M
sucrose (Prolabo, 27478.296).
In the second experiment, the base solutionwas TCM199-Hepes
(Sigma, M7528) þ 0.014% BSA (Sigma, A-7030). Up to 5 oocytes
were incubated during 1 min in base solution þ5% EG þ 5% DMSO,
1 min in base solution þ10% EG þ 10% DMSO and 20 s in base
solution þ20% EG þ 20% DMSO þ0.5 M sucrose.
All incubations were performed in three successive 40 ml drop-
lets at 37 C.
For both experiments, up to 5 oocytes in 1 ml of the last solution
were placed on the gutter of a Vitrisafe™ device (JCD) that was
immediately plunged and stored in liquid nitrogen for 7 days.
Oocytes were warmed up at 37 C in three successive solutions
of sucrose in PBS: 90 s in 1ml sucrose 1M, 3min in 500 ml sucrose
0.5M, 3min in 500 ml sucrose 0.25M. Then, oocytes were rinsed in
500 ml PBS before in vitro maturation.
2.3. In vitro maturation (IVM) of asine and equine immature
oocytes
Asine and equine COCs were washed in maturation medium:
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calf serum and 50 ng/ml Epidermal Growth Factor [17]. They were
cultured in groups of 5 in 50 ml of maturation medium under
mineral oil in an atmosphere of 5% CO2 in air at 38.5 C in 100%
humidity. Jennies COCs were cultured for 34 h. Equine COCs were
cultured for 30 h.
2.4. Assessment of nuclear status
Nuclear status was assessed after in vitro maturation. Oocytes
werewashed by aspiration in and out of a pipette in PBS, ﬁxed in 4%
paraformaldehyde in PBS for 20min at room temperature, washed
in PBS and processed for analysis.
Oocytes were incubated with 1 mg/ml bis-benzimide (Hoechst
33342) in PBS for 5min and mounted on microscope slides in
Mowiol V4-88 (133mg/ml; Hoechst, Frankfurt, Germany) and n-
propyl gallate (5mg/ml). The slides were kept at 4 C in darkness
until observation under an epiﬂuorescence microscope (Zeiss).
Oocytes that reached the metaphase II stage were considered
mature (Fig. 2).
2.5. Statistical analysis
The maturation rates and the collection rates were compared
using a Chi-square test.
3. Results
3.1. Asine and equine oocyte collection
For jennies oocytes collection, 20 puncture sessions were per-
formed on 10 adult cyclic jennies during the follicular phase, 198
follicles were ﬂushed and 96 cumulus-oocyte complexes (COCs)
were collected (48%), with an average of 4.8 COCs per female.
For mares oocytes collection, 13 puncture sessions were per-
formed on 13 adult cyclic pony mares during the follicular phase,Fig. 2. Two mature oocytes from jennies after vitriﬁcation, warming, in vitro matu-
ration (a,c) and Hoechst staining (b,d). The metaphase II is shown (arrow), the polar
body is shown (*) or is in another focal plane. X400.107 follicles were ﬂushed and 45 COCs were collected (42%), with
an average of 3.5 COCs per female.
The collection rates were not signiﬁcantly different between
jennies and mares.
Some of the collected oocytes were used for another
experiment.
3.2. Asine and equine oocyte vitriﬁcation and IVM
Nuclear stage of equine and asine oocytes after IVM or vitriﬁ-
cation, warming and IVM are presented in Table 1.
After IVM without vitriﬁcation, IVM rates were high for asine
(61%, 11/18) and equine (76%, 13/17) COCs. Few COCs were degen-
erated after IVM (0/18 jennies oocytes, 3/17 equine oocytes).
When jennies oocytes were exposed to cryoprotectants in INRA-
freeze medium, vitriﬁed, warmed and incubated in IVM medium,
most of themwere degenerated (10/14, 71%) and none was mature
(0/14, 0%). The percentage of mature oocytes was signiﬁcantly
different from the percentage of mature oocytes after IVM without
vitriﬁcation (0% vs 61%, p< 0.05). When equine oocytes were
exposed to cryoprotectants in INRA-freeze medium, vitriﬁed,
warmed and incubated in IVM medium, 13 out of 17 (76%) were
degenerated and 4 out of 17 (24%) werematured. The percentage of
mature oocytes was signiﬁcantly different from the percentage of
mature oocytes after IVM without vitriﬁcation (24% vs 76%,
p< 0.05).
When jennies oocytes were exposed to cryoprotectants in
TCM199-Hepes-BSA medium, vitriﬁed, warmed and incubated in
IVM medium, 12 out of 24 were degenerated (50%) and 8 out of 24
were mature (33%, Fig. 2). The percentage of mature oocytes was
not signiﬁcantly different from the percentage of mature oocytes
after IVM without vitriﬁcation (33% vs 61%, p¼ 0.07) but was
signiﬁcantly higher than the percentage of mature oocytes after
vitriﬁcation in INRA-freeze medium and IVM (33% vs 0%, p< 0.05).
The maturation rate of equine oocytes exposed to dimethyl sulf-
oxide, ethylene glycol and sucrose in TCM199-Hepes-BSA medium
before vitriﬁcation was not evaluated in the present study, since it
has been shown previously to reach 27e36% [18].
4. Discussion
Oocyte cryopreservation is a valuable means of preserving the
female germ line from genetically valuable or endangered domestic
or wild animals. Cryopreservation of immature oocytes is an efﬁ-
cient technique when facilities for in vitro maturation, in vitro
embryo production or oocyte transfer are not immediately avail-
able at the site of collection. In the horse, immature oocytes suffer
damages during conventional slow freezing procedure, since 1%
resume meiosis after post-thaw in vitro maturation, while the
meiosis resumption rate was 28% for vitriﬁed immature oocytes
[19]. Thus, the aim of this study was to establish a method for
vitriﬁcation of immature oocytes from donkey.
In a previous study, we established conditions for ovum pick up
in jennies with a 48% recovery rate and an average of 4.2 COCs per
jenny [11]. In our following studies, the recovery rate increased to
48% and 57%, with 4.8 and 6.3 COCs per female [20]. In the present
study, similar results were obtained (48% recovery rate and an
average of 4.8 COCs per female). Thus, this technique of follicular
puncture of donkey oocytes is efﬁcient and repeatable.
In the present study, after IVM of non-vitriﬁed asine and equine
COCs, IVM rates were high, showing that our IVM conditions are
good. Moreover, few COCs were degenerated after IVM, showing a
good quality of the asine and equine COCs.
In the horse, vitrifying immature COCs was associated with an
increase in the proportion of dead cumulus cells, but the vast
Table 1
Nuclear stage (percentage) of equine and asine oocytes after exposition to dimethyl sulfoxide, ethylene glycol and sucrose in INRA-Freeze™ or TCM199-Hepes-BSA media,
vitriﬁcation, warming and in vitro maturation (IVM) or IVM alone. a,b: values with different superscripts are signiﬁcantly different within a species.
Oocytes from nuclear stage (percentage) after:
Incubation in INRA-freeze, vitriﬁcation, warming, IVM Incubation in TCM199-Hepes-BSA, vitriﬁcation, warming, IVM IVM
jennies 0 mature (0%)a 8 mature (33%)b 11 mature (61%)b
4 immature (29%) 4 immature (17%) 7 immature (39%)
10 degenerated (71%) 12 degenerated (50%) 0 degenerated (0%)
mares 4 mature (24%)a 27e36% mature (Tharasanit et al., 2009) 13 mature (76%)b
0 immature (0%) 1 immature (6%)
13 degenerated (76%) 3 degenerated (18%)
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cumulus mass, while no dead cells were observed within the
innermost 2e3 layers of corona radiata cells surrounding the
oocyte [18]. The corona radiata cells play an important role, since
complete cumulus cells removal before maturation of bovine oo-
cytes signiﬁcantly reduced the rate of oocyte maturation and
fertilization [21]. Moreover, signiﬁcantly higher in vitro fertilization
rates were obtained after partial cumulus removal from equine
COCs compared with that of oocytes fertilized with a whole
cumulus (32% vs 12%) [22]. Finally, the maturation rate of equine
vitriﬁed-warmed oocytes is higher for oocytes surrounded by
corona cells only than for oocytes surrounded by multiple layers of
cumulus cells [15]. Thus, in our study, in order to provide good
conditions for oocyte vitriﬁcation, in vitro maturation and subse-
quent fertilization, partial cumulus removal from asine oocytes was
performed before vitriﬁcation.
In the horse, different conditions for immature oocytes vitriﬁ-
cationwere tested.When equine oocytes were exposed to dimethyl
sulfoxide, ethylene glycol and sucrose as cryoprotectants in a so-
lution of TCM199-Hepes supplemented with fetal bovine serum for
1 or 4min, the maturation rates reached 12e15% [14]. This matu-
ration rate was lower than that for non-vitriﬁed oocytes (73%). The
exposure for 1min yielded more blastocysts after intracytoplasmic
sperm injection (ICSI) (11%) than the exposure for 4min, showing
that a long exposure may have detrimental effects. When equine
oocytes were exposed to these cryoprotectants in TCM199-Hanks
supplemented with fetal bovine serum for 1min, the maturation
rates reached 25e48% [15] and were lower than that for non-
vitriﬁed oocytes (58%). Finally, when equine oocytes were
exposed to the same cryoprotectants in a solution of TCM199-
Hepes supplemented with bovine serum albumin for 30 s, the
maturation rates reached 27e36% [18] and were lower than that for
non-vitriﬁed oocytes (60%). In the present study, similar results are
obtained for jennies oocytes exposed to dimethyl sulfoxide,
ethylene glycol and sucrose as cryoprotectants in a solution of
TCM199-Hepes supplemented with bovine serum albumin. The
maturation rate for vitriﬁed-warmed asine oocytes reached 33%.
This maturation rate is lower than the maturation rate of non-
vitriﬁed asine oocytes from the present study (61%), but it is
similar to the maturation rate usually observed for non-vitriﬁed
asine oocytes (44%) [11]. This medium may be suitable for asine
oocytes vitriﬁcation, though the IVM rate has to be improved. To
our knowledge, this is the ﬁrst report of vitriﬁcation of donkey
oocytes. Experiments are in progress to test other cryoprotectants
for donkey oocytes such as propylene glycol and trehalose that have
been tested for equine oocyte vitriﬁcation [14].
INRA-Freeze™ is a ready-to-use extender developed in our lab
for equine semen freezing [23]. It allows replacing egg yolk in
stallion freezing extender by sterilized egg yolk plasma which has
sanitary and practical advantages [23]. In the present study, INRA-
Freeze medium was used for jennies and mares oocytes vitriﬁca-
tion. When oocytes were exposed to dimethyl sulfoxide, ethyleneglycol and sucrose in a solution of INRA-Freeze, none of the asine
oocytes was able to reach metaphase II after warming and in vitro
maturation, whereas 24% of the equine oocytes were mature. Thus,
INRA-Freeze medium may be suitable for equine oocytes vitriﬁca-
tion, but it may not be adapted to jennies oocytes in our conditions.
This result highlights differences between asine and equine oocytes
for susceptibility to cellular damage during vitriﬁcation, that could
be related to differences in intracellular lipid content, lipid mem-
branes composition, or permeability of plasmamembrane and zona
pellucida [24].
In conclusion, we developed a method for the vitriﬁcation of
immature oocytes from donkey. The vitriﬁed-warmed asine oo-
cytes were able to reach metaphase II after in vitro maturation,
however, their competence for fertilization and development has to
be ascertain. Further research is in progress to improve maturation,
fertilization and blastocyst development of vitriﬁed jennies oo-
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